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Objective: Prevalence data on radiographic osteoarthritis (ROA) in young active athletes is sparse. Aim
was to assess in a matched caseecontrol design the frequency of ROA in an athlete population and
whether athlete status, gender, previous anterior cruciate ligament (ACL) surgery and age increase the
odds for ROA.
Design: 135 consecutive athletes (82% soccer players) 18e36 years old and 550 non-athletes aged-
matched controls had knee radiography (Lyon-Schuss protocol) for assessment of subacute or chronic
knee complaints. Patients with acute trauma or fractures were excluded. Radiographs were graded ac-
cording to the KellgreneLawrence and OARSI grading schemes. In addition, medial and lateral inter-
condylar notch osteophytes were scored. We used logistic regression model to assess the association of
ROA and speciﬁc radiographic OA features with athlete status, prior ACL surgery, gender and age,
adjusting for each other.
Results: 19.4% of patients were 18e22 years old, 26.4% were 23e27, 22.6% were 28e32, and 31.5% were
33e36 years old. 18.7% were female and 8.8% had previous ACL surgery. 8.5% had ROA and 6.0% had
evidence of JSN. The adjusted odds ratios (aOR) for ROA were 2.8 (95% conﬁdence interval 1.4, 5.5) for
athletes, 7.0 (3.5, 13.9) for previous ACL surgery and 3.3 (1.2, 9.0) for age range 32e36. Athlete status
signiﬁcantly increased odds for tibiofemoral osteophytes [aOR 2.9 (1.6, 5.4)] and comparably for notch
osteophytes [aOR 2.3 (1.1, 4.7)].
Conclusions: Athlete status, higher age and previous ACL surgery increase the risk of ROA with surgery
being the strongest risk factor.
© 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Sports injury to the knee joint may lead to accelerated joint
degeneration and has been observed especially as a long term
sequelae of anterior cruciate ligament (ACL) tears1. The prevalence
of knee osteoarthritis (OA) among former soccer players has been
reported as 19e29%, long distance runners 14e20% and weight
lifters 31%2e7. In a cohort of female soccer players that had suffered
an ACL tear 12 years earlier, 82% had radiographic changes and 51%F.W. Roemer, Department of
dicine Hospital, Doha, Qatar,
oemer).
ternational. Published by Elsevier Lfulﬁlled the criterion of knee radiographic OA (ROA)1. A recent
publication on the 5-year outcome of a randomized trial on ACL
treatment reported ROA in 12% (tibiofemoral) and 19% (patellofe-
moral) of participants without differences between the treatment
groups8. Data on osteophyte presence and pre-ROA features prev-
alence in the general population are available for the elderly pop-
ulation and especially based on magnetic resonance imaging (MRI)
datasets but has not been reported for a young at-risk group such as
soccer payers9,10. Given exposure to high loads to the knee joint and
to minor repetitive trauma, increased subchondral and peripheral
bone remodeling should be expected. These changes may be
physiologic adaptations to stress or may represent signs of early OA.
Recently early peripheral bone changes including osteophytes have
been identiﬁed as a predictor of ROA incidence11.td. All rights reserved.
Fig. 1. Grading of notch osteophytes. (A) 25-year-old soccer player. Arrow points to a
small medial notch osseous protuberance representing a grade 1 notch osteophyte. (B)
In a different, 33-year-old patient a moderate bony outgrowth at the medial notch
representing a grade 2 notch osteophyte is visualized (black arrow). Note status post
ACL surgery. In situ screws are visualized at the tibial and femoral tunnels. In addition,
there is evidence of medial tibio-femoral OAwith presence of medial tibial and femoral
marginal osteophytes (arrowheads). A loose osseous body is seen at the lateral joint
space (white arrow).
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weight-bearing radiograph in active athletes between 18 and 36
years of age and compare these ﬁndings with a reference group of
non-athletes that were also 18e36 years of age. Further, we wished
to evaluate whether athlete status, gender, previous ACL surgery
and age increase the odds for ROA.
Material and methods
Study design and inclusion
The local institutional review board approved the study design
and granted exempt status (Anti Doping Lab Qatar, IRB number
EX2014000008). Written patient consent was waived for this
retrospective analysis.
The study was based on a search within the hospital PACS sys-
tem for knee radiography during a 2-year period between January
2011 and December 2012. Based on the referral forms we included
consecutive patients between 18 and 36 years of agewho presented
to an outpatient clinic of a secondary referral center for sports
medicine. Patients complained of chronic or subacute pain, but
must not have suffered acute knee trauma within the last 4 weeks,
as veriﬁed by the patients' clinical records. Patients with remote
trauma and previous surgery were not excluded. Patients were
either walk-ins to the mentioned sports medicine outpatient clinic,
referred by a primary care physician or by an orthopaedic surgeon,
or were registered athletes under the National Sports Medicine
Program (NSMP) of the State of Qatar. The NSMP is a centralized
institution that oversees medical diagnosis and treatment of ath-
letes registered in sports clubs in Qatar with the large majority of
these being soccer players. All persons who are registered with a
sports club in Qatar are under the medical supervision of the NSMP,
which was the basis for the deﬁnition of an athlete. However, other
patients who are not members of a registered sports club but
actively pursue sporting activities nonetheless may present to the
sports medicine outpatient clinic. All imaging under the NSMP is
performed at that single secondary referral center.
Radiography
A posteroanterior (PA) view of the knee was acquired with the
Lyon-Schuss ﬂuoroscopy protocol. The knees are ﬂexed to 20e30
so that the patellae are in contact with the cassette. The patient
leans forward to bring the thighs and hips against the table. The
radiographic beam is angled caudally to a degree of inclination such
that the medial tibial plateau is aligned with the radiographic beam
and appears horizontal12. Images were acquired with a standard
clinical ﬂuoroscopy system and a ﬁlmefocus distance of 180 cm.
Radiographic assessment
Onemusculoskeletal radiologist with 4 years (JRS) of experience
reading study radiographs, blinded to clinical data, independently
graded all PA radiographs according to the Kellgren and Lawrence
(KeL) scale from 0 to 4 and scored individual radiographic features
including osteophyte size and joint space narrowing according to
the OARSI atlas from 0 to 3. Intercondylar notch osteophytes are not
part of the OARSI grading scheme and were scored in addition from
0 to 2 after previous deﬁnition through consensus reading (Fig. 1).
Further, previous ACL surgery as visualized by tibial and femoral
tunnels on the X-ray was deﬁned as present or absent.
100 knees were randomly selected and re-read by the same
observer after an interval of 4 weeks for intra-observer reliability.
The images were also read by a second radiologist (FWR) with 14
years of experience in assessment of study radiographs fordetermining inter-observer reliability. Prior to the readings, a cali-
bration session of 4 h was held using a different set of randomly
selected 100 radiographs.
Analytic approach
Patients were stratiﬁed into athletes and non-athletes (accord-
ing to status of registration with the NSMP), and additional strati-
ﬁcationwas performed according to gender, ACL surgery status, and
age. Descriptive statistics were applied to deﬁne frequencies of OA
features for the different subgroups.
The association of a speciﬁc radiographic OA feature, i.e.,
maximum osteophyte size (grades 1) at any of the four marginal
tibio-femoral locations, maximum osteophyte size at the medial
and lateral notch (grades 1), maximum grade of joint space nar-
rowing (grades 1) and ROA (i.e., KL grade 2) with athlete status,
prior ACL surgery, gender and age was assessed using logistic
regression models adjusting for each other. The respective refer-
ence groups were non-athletes, male gender, absence of previous
F.W. Roemer et al. / Osteoarthritis and Cartilage 23 (2015) 239e243 241surgery and youngest age group (18e22 years). Inter- and intra-
observer reliabilities were determined using weighted kappa sta-
tistics and percent agreement.
Results
Included were 685 patients of which 135 were registered ath-
letes under the NSMP. 556 (81.2%) were male and 129 (18.8%) fe-
male. 60 (8.8%) patients had previous ACL surgery according to the
presence of tibial and femoral tunnels on the radiograph and
conﬁrmed by the surgical reports. 133 (19.4%) patients were in the
age group 18e22 years, 181 (26.4%) in the range of 23e27, 155
(22.6%) in the range of 28e32 and 216 (31.5%) were between 33 and
36 years old. Mean age was 28.5 years (SD ± 6.5).
Reliability of radiographic assessment was good to excellent
with weighted kappa values ranging between 0.81 (medial notch
osteophytes) and 1.0 for several features. The detailed reliability
data are presented in Web Appendix I.
Marginal osteophytes were observed in 3.8% (medial femur),
5.4% (medial tibia), 3.9% (lateral femur) and 6.5% (lateral tibia) of
the knees. Joint space narrowingwas seen in 2.5%medially and 3.1%
laterally, while 8.5% of the patients had radiographic tibio-femoral
OA. A detailed overview of the frequencies of the different OA
features for the different subgroups is presented in Table I.
The odds for presence of tibio-femoral osteophytes were
markedly increased for athletes compared to non-athletes
[adjusted odds ratio e aOR (95% conﬁdence interval e CI): 2.9
(1.6, 5.4)]. For notch osteophytes, odds among athletes were
increased 2.3 times (95% CI 1.1, 4.7) compared to non-athletes. The
odds for joint space narrowing were not increased for athletes
compared to controls, but the odds for ROA were [2.8 (1.1, 4.5)].
ROA, notch osteophytes and joint space narrowing were observed
less frequently in females, albeit this ﬁnding was not statistically
signiﬁcant. Prior ACL surgery highly increased the odds for pres-
ence of tibio-femoral osteophytes, for joint space narrowing and
also for tibio-femoral OA [aOR 7.0, 95% CI (3.5, 13.9)] compared to
patients that had not undergone ACL repair. Being in the highest
age group increased odds for presence of tibio-femoral and notchTable I
Frequencies of OA features
OA feature Osteophytes
medial femur
Osteophytes
medial tibia
Osteophytes
lateral femur
Osteophyt
lateral tib
Patient characteristics
All (n ¼ 685) 26 (3.8%) 37 (5.4%) 27 (3.9%) 45 (6.5%)
Non-athlete (n ¼ 550) 20 (3.6%) 28 (5.1%) 16 (2.9%) 31 (5.6%)
Athlete (n ¼ 135) 6 (4.4%) 9 (6.7%) 11 (8.1%) 14 (10.4%)
P 0.35 0.14 0.001* 0.004*
Male (n ¼ 557) 22 (3.9%) 28 (5.0%) 25 (4.5%) 37 (6.6%)
Female (n ¼ 128) 4 (3.1%) 9 (7.0%) 2 (1.6%) 8 (6.3%)
P 0.724 0.121 0.346 0.289
No ACL surgery (n ¼ 625) 17 (2.7%) 29 (4.6%) 21 (3.4%) 31 (5.0%)
ACL surgery (n ¼ 60) 9 (15.0) 8 (13.3%) 6 (10.0%) 14 (23.3%)
P <.0001* 0.003* 0.015* <.0001*
Age range
18e22 (n ¼ 133) 3 (2.3%) 4 (3.0%) 2 (1.5%) 6 (4.5%)
23e27 (n ¼ 181) 5 (2.8%) 9 (5.0%) 6 (3.3%) 8 (4.4%)
P 0.862 0.371 0.221 0.986
28e32 (n ¼ 155) 8 (5.2%) 10 (6.5%) 7 (4.5%) 13 (8.4%)
P 0.191 0.155 0.148 0.149
33e36 (n ¼ 216) 10 (4.6%) 14 (6.5%) 12 (5.6%) 18 (8.3%)
P 0.211 0.106 0.014* 0.051
*Statistically signiﬁcant at P < 0.05.osteophytes, and for radiographic OA compared to the youngest age
group. Increase of similar size in odds for joint space narrowingwas
observed for the highest age group, but it did not reach statistical
signiﬁcance. An overview of these results is presented in detail in
Table II.
Discussion
In a young patient population of athletes and non-athletes that
were evaluated at a specialized institution for sports medicine and
referred for radiographic assessment of the knee joint due to het-
erogeneous non-acute complaints, we found an overall frequency
of ROA of 8.5%, which was increased to 13% for registered athletes
and up to 30% for patients that had undergone prior ACL surgery,
while higher age increased odds for ROA and individual ROA
features.
Our study sample was heterogeneous and based on a retro-
spective database search with patients presenting with a spectrum
of clinical complaints. As imaging was performed for a clinical
reason and none of the patients were asymptomatic, our study
population is certainly not representative of the general population
in this age group. However, we believe that several important
conclusions can be drawn from our data and that our report is
relevant as we were able to (1) conﬁrm previous ﬁndings on post-
traumatic OA in patients of a different geographical and ethnic
background, (2) focus on active patients and not on former athletes
and (3) analyze the sample further based on athlete status, previous
ACL surgery, gender and sub-stratify by age within that young
population.
Osteophytes were more prevalent in the athlete and surgery
subgroups. The latter is in accordance with previous reports look-
ing at long term follow up of ACL injury and frequency of OA fea-
tures in former soccer players3,8. Given that patients played either
professionally or at a local high amateur level, we assume that these
athletes were subject to more rigorous training and competition
than our control group.
We stratiﬁed our patient population into different subgroups
that were not exclusive, e.g., patients that are athletes arees
ia
Osteophytes
medial notch
Osteophytes
lateral notch
Joint space
narrowing
medial
Joint space
narrowing
lateral
KellgreneLawrence
grade 2
29 (4.2%) 37 (5.4%) 17 (2.5%) 21 (3.1%) 58 (8.5%)
20 (3.6%) 25 (4.5%) 15 (2.7%) 14 (2.5%) 40 (7.3%)
9 (6.7%) 12 (8.9%) 2 (1.5%) 7 (5.2%) 18 (13.3%)
0.029 0.052 0.699 0.095 0.004*
27 (4.9%) 34 (6.1%) 15 (2.7%) 21 (3.8%) 52 (9.3%)
2 (1.6%) 3 (2.3%) 2 (1.6%) 0 (0.0%) 6 (4.7%)
0.170 0.146 0.658 0.965 0.557
25 (4.0%) 34 (5.4%) 12 (1.9%) 12 (1.9%) 40 (6.4%)
4 (6.7%) 3 (5.0%) 5 (8.3%) 9 (15.0%) 18 (30.0%)
0.388 0.823 0.013* <.0001* <.0001*
1 (0.8%) 4 (3.0%) 1 (0.8%) 2 (1.5%) 6 (4.5%)
5 (2.8%) 7 (3.9%) 6 (3.3%) 6 (3.3%) 13 (7.2%)
0.189 0.570 0.211 0.343 0.308
9 (5.8%) 13 (8.4%) 3 (1.9%) 7 (4.5%) 8 (11.6%)
0.043 0.058 0.406 0.158 0.025*
14 (6.5%) 13 (6.0%) 7 (3.2%) 6 (2.8%) 21 (9.7%)
0.014* 0.092 0.197 0.277 0.020*
Table II
Risk of OA features according to athlete status, prior ACL surgery, gender and age
Tibio-femoral marginal osteophytes Notch osteophytes Joint space narrowing ROA
Grades 1e3 aOR Grades 1e3 aOR Grades 1e3 aOR KL  2 aOR
Non-athlete (n ¼ 550) 50 (9.1%) 1.0 (reference) 32 (5.8%) 1.0 (reference) 26 (4.7%) 1.0 (reference) 40 (7.3%) 1.0 (reference)
Athlete (n ¼ 135) 22 (16.3%) 2.9 (1.6; 5.4)* 14 (10.4%) 2.3 (1.1, 4.7)* 9 (6.7%) 1.8 (0.7; 4.3) 18 (13.3%) 2.8 (1.4; 5.5)*
Male (n ¼ 557) 58 (10.4%) 1.0 (reference) 42 (7.5%) 1.0 (reference) 33 (5.9%) 1.0 (reference) 52 (9.3%) 1.0 (reference)
Female (n ¼ 128) 14 (10.9%) 1.5 (0.8,2.9) 4 (3.1%) 0.4 (0.1, 1.2) 2 (1.6%) 0.4 (0.1,1.6) 6 (4.7%) 0.8 (0.3, 1.9)
No surgery (n ¼ 625) 56 (9%) 1.0 (reference) 42 (6.7%) 1.0 (reference) 23 (3.7%) 1.0 (reference) 40 (6.4%) 1.0 (reference)
Previous surgery (n ¼ 60) 16 (26.7%) 4.8 (2.4,9.4)* 4 (6.7%) 0.9 (0.3, 2.8) 12 (20%) 6.1 (2.8,13.3)* 18 (30%) 7.0 (3.5, 13.9)*
Age range
18e22 years (n ¼ 133) 11 (8.3%) 1.0 (reference) 4 (3.0%) 1.0 (reference) 3 (2.3%) 1.0 (reference) 6 (4.5%) 1.0 (reference)
23e27 years (n ¼ 181) 12 (6.6%) 0.8 (0.3,2.0) 9 (5.0%) 1.9 (0.6, 6.3) 10 (5.5%) 2.5 (0.6,9.4) 13 (7.2%) 1.7 (0.6, 4.8)
28e32 years (n ¼ 155) 20 (12.9%) 1.8 (0.8,4.0) 14 (9.2%) 3.3 (1.1, 10.5)* 10 (6.5%) 3.1 (0.8,11.9) 18 (11.6%) 3.1 (1.2, 8.4)*
33e36 years (n ¼ 216) 29 (13.4%) 2.4 (1.1,5.3)* 19 (8.9%) 4.3 (1.4, 13.5)* 12 (5.6%) 3.1 (0.8,12) 21 (9.7%) 3.3 (1.2, 9.0)*
*Statistically signiﬁcant at P < 0.051.
F.W. Roemer et al. / Osteoarthritis and Cartilage 23 (2015) 239e243242potentially more likely to have had surgery. However, we adjusted
our results for those confounding factors, which allowed an inde-
pendent interpretation of the results. We have to acknowledge that
bodyweight or bodymass indexmight be an important confounder
that we could not adjust for13. Patients were retrospectively
collected from a radiologic database and thus, these parameters
were not coded or clinically available. However, assuming that non-
athletes are potentially more overweight than active athletes, our
data on risk factors for athlete status would not be different.
Data on OA incidence post-ACL injury has been reported to be
between 10% and 90% at 10e20 years after trauma1,3,14 with recent
5-year data reporting around 15% of ROA8. Our data on OA preva-
lence following ACL reconstruction are high at 30% in a young pa-
tient population.We do not know the exact interval from trauma or
surgery to acquisition of the radiograph but must assume that,
given these were young patients, it was between recently and not
more than 15 years. To draw deﬁnite conclusions on OA prevalence
in a post-traumatic setting the time interval from trauma and/or
surgery to acquisition of radiography is paramount as illustrated by
several authors previously3,15e17. As we investigated a young pop-
ulation we assume that the observed radiographic changes are the
result of previous trauma and/or surgery as it is unlikely that these
patients had radiographic features prior, but of course we
acknowledge that this is speculation only. All patients were
symptomatic, and it is likely that concomitant articular damage
such as cartilage loss and meniscal damage was present at the time
of injury or had developed post-operatively and caused symptoms.
We found a higher frequency of lateral joint space narrowing
compared to the medial compartment especially in patients that
had previous ACL surgery. We can only speculate why this is the
case. One explanation could be that the injury mechanism of ACL
disruption leads to high impact loads to the lateral tibio-femoral
compartment as also visualized by speciﬁc bone contusion pat-
terns, which also explains traumatic damage to other structures of
the lateral compartment such as cartilage and meniscus that are
responsible for subsequent joint space narrowing.
Our study population had a mixed background in regard to
ethnicity but with a majority being of Middle East origin. Albeit
data on incidence and prevalence of OA is available for Asia18 there
is no speciﬁc data on the Middle East region available and a com-
parison between athletes from the Middle East and other parts of
the world has not been performed. Patient inclusion was based on
the status of being a registered athlete with the large majority of
patients being soccer players. Unfortunately, we were not able to
differentiate additional sports types further as this informationwas
not available. Other sports commonly played and seen in the
outpatient clinics include track and ﬁeld, handball and basketball.We further have to acknowledge that non-registered patients
might have been allocated to the non-athlete group but based on
their physical activity level should rather be considered “athletes”
than “non-athletes”. However, one might assume that our results
would likely be strengthened if these had been excluded from the
control group. Unfortunately, we did not have the possibility to
identify these patients based on the information available.
The relation of age and prevalence of OA features is not sur-
prising and can be explained by prolonged exposure to joint
loading and micro-trauma in older athletes2. While some previous
reports have not supported that sport per se is an increased risk
factor for premature joint degeneration7 our data suggests that, at
least in a subgroup of patients, this might need to be reconsidered
and further explored.
We acknowledge that the retrospective cross-sectional design
does not allow for actual prediction of structural changes in regard
to baseline risk factors and longitudinal studies especially in the
geographic region where our population originated are warranted
to assess the observed associations further. Further, the small
sample size for some of the comparisons leads to wide conﬁdence
intervals, which needs to be taken into account when interpreting
our data.
Summarizing, we found an increased odds for ROA features in
athletes compared to non-athletes and patients that had previous
ACL surgery. In addition, even in this young and still active popu-
lation, age was a signiﬁcant risk factor for premature joint degen-
eration. This study is a ﬁrst step of characterizing an active young
population of largely Middle Eastern athletes in order to assess if
these patients are exposed to increased risk of joint degeneration
and to ultimately develop preventive strategies.
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